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Abstract 
Amongst the many types of semiconductor hydrogen sensors currently studied, Schottky-diodes are preferable as they 
are simple to fabricate and exhibit high sensitivities and fast response times. To enhance the sensor's performance, a 
gate insulator is deposited in order to minimize interfacial diffusion between the electrode and the substrate. In this 
work, we present a novel MIS Schottky-diode hydrogen sensor with LaTiON as gate insulator. The hydrogen-sensing 
properties (sensitivity, barrier height variation) were examined from room temperature (RT) to 150qC and its 
sensitivity was found to reach 2.5 at 100qC. Moreover, the hydrogen reaction kinetics were studied and these results 
showed that the sensor was very sensitive to hydrogen ambient. 
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1. Introduction 
Hydrogen is currently one of the most promising energy sources and is an substance that can be used 
to address the problems of dwindling fossil fuel reserves, increasing energy demand, and global warming. 
Furthermore, as a colorless, odorless and tasteless flammable gas hydrogen cannot be detected by human 
senses, and therefore highly sensitive sensors are required to detect its presence to assist in reducing the 
risk to prevent the event of an explosion [1]. 
From the many evidence in literature, solid-state metal-insulator-semiconductor (MIS) based sensors 
are the most promising candidates for H2 sensing. These sensors consist of a structure of a catalytic metal 
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deposited onto a thin layer of gate insulator material; that has been grown on a semiconductor substrate 
[2].The author has selected LaTiON as the gate dielectric as it comes with many advantages such as high 
relative permittivity (with N~20), low interface-state density, and low gate leakage current [3]. The 
objective of this work is to investigate the hydrogen-sensing performance of the sensor with a thin layer 
of LaTiON. 
2. Experiment
The n-type (100 orientation) Si wafers (1~5 .cm) (Silicon Quest) were cleaned using the 
conventional RCA method (solution I (H2O-H2O2-NH4OH) and solution II (H2O-H2O2-HCl)) followed by 
dipping in 2% hydrofluoric acid for a 1 min to remove the native oxide. The wafer was then rinsed with 
DI water and blown dry with N2 gas. 
The gate insulator, a 3.5 nm LaTiON layer (measured using an ellipsometer), was deposited at room 
temperature by RF (30W) sputtering of La2O3 and DC (0.12A) sputtering of Ti in a mixed Ar/N2 ambient 
(Ar to N2 ratio = 24:8). The front electrode, a 100 nm Pt layer with a diameter of 0.5 mm, was deposited 
on LaTiON by DC sputtering Pt while using a stainless-steel shadow mask. The sample was placed in a 
furnace and underwent an annealing process at 750oC in N2 gas (1000 mL/min) for 10 min. The structure 
of the fabricated sensor is presented in Fig.1. 
 
 
Fig.1 Structure of the hydrogen sensor (not drawn to scale) 
After the fabrication of the hydrogen sensor, its hydrogen-sensing properties were studied. Electrical 
measurements were carried out using a computer-controlled measurement system as shown in Fig.2. A 
thermostat, a semiconductor parameter analyzer (HP4145B) and two digital gas flow controllers (DGFC) 
were connected to a computer and controlled by software programs. The sensor was placed in a stainless-
steel closed chamber inside the thermostat, and the gases were injected into the chamber through the 
digital gas flow controllers. 
ˇ
LaTiON (3.5 nm) 
Si substrate 
ˉ
Pt (100 nm) 
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Fig.2 Computer-controlled measurement system 
3. Experiment
The H2 sensing mechanism which describes the adsorption and desorption of hydrogen atoms for MIS 
devices can be described as follows. In its gas-phase H2 dissociates on the surface of the catalytic metal to 
form H atoms. These H atoms can rapidly diffuse through the thin catalytic metal in the direction of the 
metal-insulator interface, where they are preferentially trapped in interfacial adsorption sites. The layer of 
interfacial hydrogen created by this process exists in a dipole layer, creating an additional voltage drop 
across the MIS sensor that can be measured as a change in the current-voltage characteristic [2]. 
Fig.3 shows the plot of Iair and ǻI (= IH2ˉIair) as a function of temperature. In general, Iair increases 
with temperature due to thermionic emission, as at higher temperatures, more electrons have sufficient 
energy to overcome the potential barrier to flow through the Schottky-diode [4]. 
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Fig.3 Iair and ǻI of the sensor as a function of temperature 
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Fig.4 shows the plot of the sensitivity-temperature characteristics of the sensor. The sensitivity is 
defined as (IH2ˉ Iair) / Iair, where IH2 and Iair are currents measured in hydrogen ambient and air 
respectively. Generally, the sensitivity initially increases and achieves its maximum value at 100oC, but 
then decreases as the temperature further increases. This phenomenon can be explained as follows [4-6].  
When the temperature increases from RT to 100oC, hydrogen molecules under higher pressure 
bombard the surface of the gate electrode more frequently. Hence, more hydrogen molecules can adsorb 
at the surface of the electrode and also decompose faster into hydrogen atoms, giving higher sensitivity. 
As the oxygen attached to the surface of the electrode (when the sensor is exposed to air) can react with 
the hydrogen atoms to form hydroxyl ions and water. The formation rates of these products increase 
rapidly at high temperature (100 ~ 150oC), thus decreasing the hydrogen atoms and the sensitivity. In 
addition, for even higher operating temperature (100 ~ 150°C), more electronic defects in the gate 
insulator are thermally activated and contribute to electrical conduction in the device. As a result, Iair 
increases more than IH2 and thus the sensitivity decreases. 
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Fig.4 Sensitivity vs. temperature characteristics of the sensor 
The Schottky barrier height (ĭb) can be calculated by the extrapolation method using the equation: ĭb 
= (kBT/q) ln(AA**T2/Io), where kB is the Boltzmann constant; T is the absolute temperature; A is the 
Schottky contact area; A** is the effective Richardson constant; and Io is the saturation current.  
The Schottky barrier height variation (ǻĭb) is defined as: ǻĭb = ĭb(air)ˉĭb(H2), where ĭb(air) is the 
Schottky barrier height in an air atmosphere, and ĭb(H2) is the Schottky barrier height in a hydrogen-
containing ambient. Io (in air or in H2) can be found by extrapolating the plot of ln(I) versus V to where V 
= 0. Subsequently ĭb can be calculated using the above equation. Fig.5 shows the plot of the ǻĭb with 
respect to temperature. 
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Fig.5 Barrier height variation vs. temperature characteristics of the sensor 
Under steady-state condition, hydrogen coverage (ș) at the interface according to reaction kinetics [4, 
7] can be represented as 
ș/(1ˉș)=k0(PH2)0.5                                                                                                                             (1) 
where k0 is a constant and PH2 is the hydrogen partial pressure. If the change in voltage across the 
hydrogen dipole layer (ǻV) induced by hydrogen adsorption is proportional to the hydrogen coverage, i.e., 
ǻV = ǻVmaxș, then equation (1) can be written as 
    (ǻV)-1ˉ(ǻVmax)-1=(ǻVmax)-1(k0)-1(PH2)-0.5                   (2) 
  
where ǻVmax is the maximum voltage change at a fixed temperature. The calculations using equation 
(2) and the equation of Schottky barrier height (ĭb= (kBT/q)ln(AA**T2/Io)),  gives 
 
[ln(I0g/I0)]-1=[ln(I0gmax/I0)]-1[1+ (k0)-1(PH2)-0.5]         (3) 
 
where I0 and I0g are the saturation current and maximum saturation current in hydrogen environment 
respectively. Thus, the plot of [ln(I0g/I0)]-1 versus (PH2)-0.5 should be linear, with the y-intercept equal to 
[ln(I0gmax/I0)]-1 and the slope equal to [k0ln(I0gmax/I0)]-1. It is shown from Fig.6 that the plot of [ln(I0g/I0)]-1 
versus (PH2)-0.5 for the sensor is indeed linear. Thus, the theory and experimental data via the I-V analysis 
method confirm the hydrogen reaction kinetics in the sensor. 
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Fig.6 Steady-state reaction kinetic analysis for hydrogen adsorption of the sensor 
4. Conclusions 
The sensitivity of the Pt-LaTiON-silicon Schottky-diode hydrogen sensor could reach about 2.5 at 
100oC. Its barrier-height variation also showed a maximum at 100oC. We verified and showed the 
hydrogen reaction kinetics exhibited by the sensor. 
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